Background: With widespread use of antiretroviral therapy (ART) and prolonged survival of HIV-infected children, toxicities like lipodystrophy are becoming more evident. Little is known about lipodystrophy in children in Uganda yet there is increased use of ART. The aim of this study was to determine the prevalence and factors associated with fat redistribution and metabolic abnormalities among HIV-infected children on highly active antiretroviral therapy (HAART) in Uganda. Methods: A cross-sectional study of 364 HIV positive children aged between 2 and 18 years on ART were enrolled after consent and assent as appropriate. Sociodemographic, clinical and immunological data were collected and recorded in a questionnaire. Fat redistribution was assessed clinically for physical findings of lipohypertrophy and lipoatrophy. A fasting blood sample was taken for lipid profile and blood glucose analysis. Lipodystrophy was defined as presence of abnormal fat redistribution or metabolic abnormalities or both. The proportion of children with fat redistribution and metabolic abnormalities was calculated. We conducted multivariate analysis for factors associated with lipodystrophy among children with lipodystrophic features and those without. Results: The median age of the participants was eight years (range 2 to 18), with 43% of these aged ]10 years and a male to female ratio of 1.1:1. Majority (65%) had advanced HIV (WHO Stage III/IV) at ART initiation with a mean duration on ART of 3.8 years (91.2). The prevalence of fat redistribution and hyperlipidemia was 27.0% and 34.0%, respectively. None of the children had hyperglycaemia. Among the children with hyperlipidemia, 16.8% exhibited hypercholesterolemia and 83% had hypertriglyceridemia. Only 29% of children with fat redistribution had hyperlipidemia. We found significant association between fat redistribution and Tanner stages 2 to 5 OR02.3 (95%CI 1.3 to 3.8), age ]5 years OR03.9 (95%CI 1.5 to 9.9) and d4T exposure OR03.4 (95%CI 2.0 to 5.8). A Tanner stage 2 to 5 was independently associated with hyperlipidemia. No significant association was observed with HIV clinical stage and any of the anthropometric measurements. Conclusion: The prevalence of lipodystrophy is high among HIV-infected children on ART with a likelihood of developing fat redistribution and metabolic abnormalities increased during puberty.
Introduction
Antiretroviral therapy (ART) has markedly improved the prognosis of persons living with HIV. Meanwhile, with the widespread use of and increased duration of ART, toxicities are becoming more evident [1, 2] . Frequent long term side effects include metabolic derangements and abnormal fat redistribution [3Á7] . These side effects of metabolic abnormalities and fat redistribution have been defined as lipodystrophy syndrome although there is no consensus on proper definition of lipodystrophy syndrome.
Results from paediatric studies have estimated the prevalence of fat redistribution to be between 18% and 33% [4Á7] . Fat redistribution is significantly associated with duration of antiretroviral drugs, older age [7, 8] and stavudine use [8] . However, metabolic changes in the absence of fat redistribution are not related to the duration of ART nor to the number of drugs received [8] . Abnormal physical changes have also been linked to use of zidovudine in comparison to non-thymidine NRTIs like abacavir, tenofovir, and lamivudine with minimal effect [9] . Protease inhibitors have been linked to dyslipidaemia and less strongly to morphological changes [3] .
In Uganda availability of ART for children has been increasing since 2004. By 2009, approximately 17,000 children were on ART throughout the country. Stavudine (d4T) is still used as first line ART therapy for HIV-infected children aged five years and below [10] although d4T has been associated with lipodystrophy in many paediatric studies [3, 6, 8] . There is increased access to ART in subSaharan Africa [11] which has led to prolonged survival and hence a prolonged exposure to ART in children.
Prolonged exposure to ART contributes to metabolic changes thus increasing the cardiovascular risk in adulthood [12, 13] , while the abnormal body fat changes may affect the self-image and ultimately affect adherence to treatment [14] . These abnormalities could therefore affect the long-term prognosis of HIV-infected children on ART.
Furthermore, the assessment and monitoring for abnormal fat redistribution and metabolic changes in children on ART is not routinely done in HIV care centres in our setting. The cost of a lipid profile is prohibitive in many of the centres and therefore not performed routinely and although the physical body changes may be identified early with good clinical care without laboratory tests [15] , the clinical assessment of physical changes is still a challenge in resource limited centres because of limited skilled personnel to care for the children.
The aim of this study was to determine the prevalence of fat redistribution and metabolic abnormalities and the factors associated with each of the individual features of lipodystrophy among HIV-infected children on first line ART regimens.
Patients and methods

Study site
The study was carried out at the Baylor-Bristol Myers Children's Clinical Centre of Excellence, a large HIV paediatric clinic (PIDC) at a national referral and teaching hospital for Makerere University, College of Health Sciences in Uganda. As of March 2009, 3971 children were active in HIV care at the clinic with an average of 120 children seen per clinic day. Sixty-three percent of the children in the clinic were on a first line regimen containing a non-nucleoside reverse transcriptase inhibitor together with AZT/d4T, with about 28% and 72% on d4T and AZT-based regimen, respectively. Protease inhibitors are used as first line regimens in infants previously exposed to Nevirapine during the prevention of mother to child transmission but otherwise are reserved for second line. The dosage of the ART drugs is based on the children's body weight. The clinic ART policies are based on the Uganda Ministry of Health (MOH) ART treatment guidelines [9] . At initiation of this study, a number of children aged five years and older had been recently switched to zidovudine (AZT) from d4T based regimen in line with the new guidelines.
Study subjects and procedures
We conducted a cross-sectional study of HIV-infected children on first line ART regimens between February 2009 and March 2009. Children were eligible for this study if: (1) aged between 2 and 18 years, (2) on first line ART regimen for at least six months and (3) those whose caretakers provided written informed consent and children ]8 years of age who assented to the study. We excluded children on: (1) protease inhibitors, (2) corticosteroids for at least one month of starting the study, (3) confirmed or known patients of diabetes mellitus, renal disease, cardiac disease and severe malnutrition, (4) on hormonal contraceptives, (5) with severe clinical illness at the time of the study.
Medical charts were screened at the reception and every fourth patient who met the eligibility criteria was approached by the study nurse and provided information about the study. Parents of all children provided written informed consent and children over eight years also provided assent.
The study was approved by the Makerere University Faculty of Medicine Research and Ethics committee, the National Council for Science and Technology, Baylor College of Medicine, Houston, TX and Case Western Reserve University, Cleveland, OHio.
Procedures
A standardized data collection form was completed for each participant. Data recorded included clinical history through chart review and interviews, physical exam and laboratory results. Information extracted from the charts included WHO staging at initiation of ART, previous laboratory data and ART treatment history. The physical assessment for fat redistribution and pubertal maturity was done by the principal investigator or a trained research assistant who was an experienced clinician. A trained nurse measured the weight, height, mid upper arm circumference, waist and hip circumference.
A fasting blood sample (at least eight hours fast) was obtained for blood glucose and lipid profile.
Laboratory methods
Blood glucose was measured by an automated analyzer (Accu-Chek Active Roche diagnostics Gmbh, D-68298 Mannheim, Germany). Lipid profile (triglycerides (TG), total cholesterol (TC), high density lipoprotein and low density lipoprotein) measured by Konelab 30 system chemistry analyzer.
Definitions
Fat redistribution was defined clinically by the physical findings of any fat wasting of extremities, face or buttocks; with presence of prominent vessels or fat accumulation in the abdomen and dorsocervical spine (buffalo hump). The fat redistribution was scored separately for limbs, face, buttocks, abdomen, thorax and neck on a scale of 0 to 3 based on an adult scoring system [16] . Where 0 represented the absence of fat changes, 1 0minor changes (changes noticeable only when specifically inspected), 2 0moderate changes (changes readily obvious to even caretakers/patients) and 3 0major changes (changes noticeable by other people, such as family or classmates). Presence of a score ]1 in any part of the body was considered as abnormal fat redistribution.
Hyperglycaemia was defined as blood glucose ]126 mg/dl. Hyperlipidemia was defined as the presence of either hypercholesterolemia TC!200 mg/dl or hypertriglyceridemia TG !150mg/dl using the National Cholesterol Education Program (NCEP) criteria [15] . Metabolic abnormalities were defined as presence of hyperlipidemia and/or hyperglycaemia.
Lipodystrophy was defined as presence of abnormal fat redistribution and metabolic abnormalities or both.
Statistical analysis
Primary outcomes of study were the proportion of children with fat redistribution and metabolic abnormalities. We evaluated patient characteristics including age, gender, BMI, blood pressure, Tanner stage, WHO stage, ART regimen and duration. The children who had been switched to an AZT based regimen but were previously exposed to d4T for at least six months were analyzed as children on d4T.
Categorical variables were compared using the chi-square test. The CDC 2000 BMI reference centiles were used in assessing BMI.
Multivariable logistic regression was done to determine factors independently associated with fat redistribution and metabolic abnormalities. All the variables with p-value 50.2 at univariate analysis were included in the model. A twosided p-value B0.05 were considered statistically significant. Statistical analysis was performed using the Stata 9.2 (StataCorp, College Station, TX).
Results
As Figure 1 shows, we studied 364 HIV-infected children aged between 2 and 18 years (median age eight years). All the children were on first line ART regimens taking 3TC and a non-nucleoside reverse transcriptase inhibitor (Efavirenz/Nevirapine) in addition to either AZT or d4T. The majority, 291 (80%) out of 364, were on an AZT based regimen but 30 (10.3%) of the 291 children on AZT were previously exposed to d4T containing regimen for at least six months. The mean duration for ARV treatment was 3.8 years. Approximately 56% of the participants were WHO Stage III at initiation of ART. The rest of the characteristics are shown in Table 1 .
Prevalence of metabolic abnormalities
Metabolic abnormalities were observed in 125 (34%) of the 364 children. All the 125 children with metabolic abnormalities had hyperlipidemia and none had hyperglycaemia. Among the children with hyperlipidemia, 21 (16.8%) of the 125 exhibited hypercholesterolemia and 104 (83.2%) had hypertriglyceridemia. Hyperlipidemia was detected in 28 (29%) of 97 children with fat redistribution.
Prevalence of fat redistribution
Abnormal fat redistribution was observed in 97 (27%) of 364 children. The prevalence increased with age and it was uncommon in children younger than five years as shown in ART, antiretroviral therapy; AZT, zidovudine; d4T, stavudine; BMI, body mass index; HAART, highly active antiretroviral therapy. Table 2 . Only six out of the 76 children younger than five years exhibited abnormal fat redistribution. Children with fat redistribution in the study had a higher mean duration on ART of 3.5 years (91.3) as compared to 3.1 years (91.2) of children without fat redistribution. The commonest body shape change in children with fat redistribution was of lipoatrophy with facial wasting in 80 (82.5%) of 97 children with fat redistribution. However, lipohypertrophy was the commonest body shape change in children younger than five years with abdominal fat accumulation in four of these children.
Multivariate logistic regression
The fat redistribution model included age, ART duration, and exposure to d4T, WHO clinical stage at ART initiation, waist circumference and Tanner stage. Hyperlipidemia model included gender, age group, exposure to d4T and AZT, Tanner stage and the BMI percentiles. Fat redistribution was independently associated with Tanner stages 2 to 5 (sexual maturity), age ]5 years and d4T exposure as shown in Table 3 . A Tanner stage 2 to 5 was independently associated with hyperlipidemia. No significant association was found between lipodystrophic features and patient gender, HIV clinical stage and any of the anthropometric measurements the data for factors that were not statistically significant is not shown in the model.
Discussion
There are few published studies that have been conducted among HIV-infected children in Africa which assess both clinical and biochemical features of lipodystrophy, thus the findings in this study are compared mainly to studies in developed settings. Due to the absence of a proper definition of lipodystrophy in children, we defined lipodystrophy as presence of any or both of the features of lipodystrophy: fat redistribution and metabolic abnormalities. Fat redistribution was observed in 27% of children on non-PI based ART regimen. This is consistent with results from other studies which have reported a prevalence of between 18% and 33% [4,6Á8] .
As in the other studies, this study considered presence of fat redistribution on the basis of physical evaluation by the study doctors (physicians) which may be subjective. No significant association was found between lipodystrophic features and any of the anthropometric measurements in this study, yet these would be more applicable in this setting because they are more objective, simple and inexpensive. Hartman et al. [17] found that anthropometric measurements were associated with lipoatrophy but they included only children with moderate to severe lipoatrophy on scoring, our study included all children with lipoatrophy including the mild lipoatrophy.
The objective methods for assessing fat redistribution are not performed routinely in our environment and in many instances are unavailable. Therefore this prevalence may also be an underestimate since it reports the cases that are physically obvious to the physician and may miss those with subtle physical changes. However physician's evaluation for fat redistribution has been reported to agree well with objective measures like Dual-energy X-ray absorpiometry (DEXA) scans [16] .
The prevalence of hyperlipidemia was 34% which is inconsistent with other paediatric studies which found higher prevalence of between 40% and 78% [4,6Á8,18] . The discrepancy in the findings may be due to the difference in the study setting as regards dietary composition between these published studies and our study. Secondly, most of the published studies used for comparison were using both NRTIS and PIs for treatment of the children [6, 18] . Protease inhibitors have been independently associated with gross metabolic derangements in many studies [3] ; therefore there is a higher prevalence of hyperlipidemia in those studies.
Fat redistribution and hyperlipidemia was found to be significantly associated with sexual maturity (Tanner stages 2 to 5). Fat redistribution is a common physiological process during puberty, which may make diagnosis of abnormal fat redistribution difficult. However, Vigano et al. [19] found that puberty appears to worsen peripheral fat loss using an objective method of DEXA-scan. Many studies using physical detection of fat redistribution have reported sexual maturation to be significantly associated with abnormal fat redistribution [7, 17, 20] . This finding underscores the association of puberty and abnormal physical changes and suggests a hormonal role in the development of the changes, but could also just be a cumulative effect.
Physiologically, total cholesterol levels increase from birth, stabilize at about two years, peak before puberty and then decline during adolescence [21] . Therefore the normal physiological process cannot explain the association between puberty and hyperlipidemia. It is plausible that there might be interplay between ART and hormonal changes at puberty that may lead to increased risk of hyperlipidemia in adolescent children.
Older age ]5 years was independently associated with fat redistribution which is consistent with many studies carried out in children [6, 7, 22] . Literature shows that the risk of abnormal fat redistribution increases with advanced age with the risk much higher in pubertal ages, greater than 10 years. In this study 55% of children with abnormal fat redistribution were 10 years of age and older. This reflects a cumulative exposure to drugs that may be a progressive process and with increasing survival of children on ART, fat redistribution will be a more prevalent problem in children in older age groups.
As in other studies, [6, 8, 20] d4T use was independently associated with physical body changes. Several studies have found NRTIs particularly d4T significantly associated with lipoatrophy rather than lipohypertrophy [23, 24] . The risk of developing lipodystrophy with d4T is strongly related to the dosage [4] and duration of exposure to antiretroviral agents [6, 7] . Amaya et al. [4] found that low concentration of the drugs using paediatric dosing reduces risk of fat redistribution, however, in this study paediatric dosing based on body weight was used for all children and we still saw a high prevalence of physical changes. Furthermore, this study found no association between duration of exposure to ART and physical changes. A study in Malawi [25] with a large retrospective cohort found no children switched from d4T due to d4T induced lipodystrophy; however, they studied a younger population with a shorter mean duration on ART. Other paediatric studies on lipodystrophy have also shown a lack of association between duration of therapy and lipodystrophy [4, 22] .
Stavudine is still used in our setting among children in cases where AZT is contraindicated. The alternative nonthymidine NRTI drugs like abacavir are expensive and not readily available. AZT may also cause physical changes as reported in studies and a number of children on AZT based regimen in this study had physical changes although it was not statistically significant. Therefore we should continue to look actively for these abnormalities despite change of guidelines from d4T to AZT-based regimens.
Only 29% of children with fat redistribution had hyperlipidemia, however, this is inconsistent with findings in other studies that found a higher prevalence of metabolic disturbances (50% to 71%) among children with fat redistribution [6, 7, 26] . This may be due to the already low prevalence of hyperlipidemia in this study as compared to many other studies [4, 6, 20] . Therefore hyperlipidemia and fat redistribution may occur independently and lipid profile should not be restricted to only those with fat redistribution. Although a lipid profile test is costly in this setting, a test should at least be performed on those children who are at the highest risk especially the adolescents.
This study had some limitations that may have influenced the study results. We lacked an objective tool for dietary assessment for our setting, we were unable to objectively assess fat redistribution in this study due to cost and access to DEXA scans and MRI and unavailability of lipid reference values for the general paediatric population in Uganda. This study had few patients on d4T with most having been switched to AZT based regimen; this may have affected the study outcomes.
In conclusion, the prevalence of hyperlipidemia and fat redistribution among children on zidovudine or stavudine based ART regimens is high. With increased survival of children on ART and therefore prolonged exposure to drugs, the prevalence of lipodystrophy may even increase. Therefore active screening for fat redistribution through good clinical assessment and training of health workers to look for these changes using simple scoring systems should be instituted and reinforced in paediatric HIV care centres, especially among pubertal children.
